A total of 61 transformants were analyzed for single and combined mutations. The DNA of five transformants was not cleavable by Xhol, Sspl or Nael. Table 1 . Frequency of Single and Combined Mutations with the following conditions: a start temperature, 70°C for 3 min ; end temperature, 30°C for 10 min ; and ramp time of 40 min. To extend the annealed mixture, 3 units of T4 DNA polymerase, 9 Weiss units of T4 DNA ligase and 3 ug of T4 gene 32 protein were added. The buffer was adjusted to contain 35 mM Tris-HCI (pH 7.4),3.5 mM MgCI 2 , 50 mM NaCI, 0.75 mM dithiothreitol and 0.06 mM ATP in a total volume of 30 ul.. Following ligation, the DNA was used to transform the DUT, UNG cell MVl190 to ampicillin resistance. Transformants were isolated and purified twice to single colony isolates. DNA from 61 transformants were prepared (6) and digested separately with XhoI, SspI and NaeI (New England Biolabs, Beverly, MA, USA) .
Results showed that single mutations as well as any combination of the three mutations could be generated by this procedure. The occurrence of the single mutations, as conferred by the primers Oligo.SspI, OligoXhoI, and Oligo.NaeI, was at a frequency of 3.3%, 1.6% and 4.9%, respectively. A combination of any two of the three mutations occurred at a frequency ranging from 6.6% to 18%, and simultaneous incorporation of all three oligonucleotides occurred at a frequency of 51% (Table 1) . We noted that inclu sion of the T4 gene 32 protein was essential to the simultaneous isolation of the three mutations and that lower concentrations of this protein resulted in a significant reduction in frequency of the occurrence of single and multiple mutations . The use of T4 DNA polymerase, in comparison to other DNA zyme site, screening for the desired mutation was initially done by restriction enzyme analysis on rapidly prepared plasmid DNA (6) and confirmed by double-stranded plasmid DNA sequencing (14) . The sequences of the three primers were chosen based on the "best fit" analysis program supplied by the GCG Wisconsin software package (4) to give less than 80% homology to the plasmid containing the insert to be mutagenized. Figure 1 shows a schematic of plasmid pTZ18U (10) containing the BN2S insert. The three primers used are listed as follows in the order of their occurrence 5' to 3' on the BN2S gene:
These three oligonucleotides contain the restriction enzyme sites XhoI, SspI and NaeI, respectively, as underlined and indicated in their names. The modification present in OligoXhoI is in the second position of the XhoI site. The modifications present in Oligo.SspI and Oligo.NaeI are each in the 3' terminal nucleotide of the restriction enzyme sites (XhoI: C~G; SspI: CT ; NaeI: G~C). The distances between one oligonucleotide's 3'-end and the next oligonucleotide's 5' -end were 22 and 42 bases, respectively.
The protocol was as follows: The primers were incorporated into the plasmid utilizing the Muta-Gene 'P kit from Bio-Rad (Hercules, CA, USA) based on the procedure of Kunkel (8) . Single-stranded plasmid template containing a high percentage of dUMP in place of its dTMP was prepared by utilizing the dut1, ung 1 strain CJ236 (11) and the helper phage M13K07 (13) . To incorporate the primers, each primer was first phosphorylated with T4 polynucleotide kinase (Pharmacia Biotech, Uppsala, Sweden) according to Maniatis et al. (9) . Nine picomoles of phosphorylated primer were annealed to 2 ug of the 3.5-kb single-stranded uracil template in 2 mM Tris-HCI (pH 7.4), 0.2 mM MgCl 2 and 50 mM NaCl. The mixture was incubated in a PCR machine (Coy Laboratory Products, Ann Arbor, MI, USA) set for a single cycle Oligonucleotide-directed mutagenesis is an invaluable method in functional analysis of genetic elements. Single nucleotide mutations have been used to generate deletions , substitutions and single to a few base changes within a targeted region (2, 12) . Depending on the method used, the mutation efficiency can vary significantly. To this effect, a large number of methods have been developed to increase the recovery of mutations (3, 7, 8) . Here we report the efficient use of three mutagenic oligonucleotides, ranging in size from 19 to 24 bases and in close proximity to each other, to obtain any combination of the three mutations.
In our study, three primers were used to make three consecutive site mutations to generate three restriction enzyme sites in the cDNA encoding the Brazil nut 2S protein (BN2S) (1) for sequence modifications. Since each of these mutations created a restriction en- Figure 1 . Site-directed mutagenesis using three oligonucleotide primers. Th e pla smid pHT804 was con stru cted by inserting a 449-bp HinfI and Klenow-treated cDNA of the BN2S from pla smid pHS-3 (1) into pTZ18U treated with Xb aI and Klen ow. The thr ee oligonucleotides are shown as line s with filled triangle s, each denoting a mismatch to its corresponding hom ologous regi on. The distan ce between the 3'-end of Oli go.Xaol and the 5' -end of Oligo .SspI is 22 bases, and of Oligo .SspI and Oli go N aeI is 42 bases, respectively.
